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RAPPORT DE SYNTHESE 
Introduction : dans la présente étude, nous nous sommes intéressés à la vasodilatation 
cutanée induite par le réchauffement local (hyperémie thermique). Il est établi, qu'une 
partie de cette réponse vasculaire est médiée par l'oxyde nitrique (NO). De manière 
générale, les effets du NO peuvent être sujets à une désensibilisation, comme nous le 
démontre le phénomène bien connu de tolérance aux dérivés nitrés. Le but du présent 
travail était d'évaluer si une telle désensibilisation existe dans le cas de l'hyperémie 
thermique. 
Méthodes : nous avons donc examiné si une première stimulation thermique pouvait en 
atténuer une deuxième, induite plus tard sur le même site cutané à une intervalle de 2h 
ou 4h. Pour vérifier directement l'effet du réchauffement local sur la sensibilité de la 
microcirculation cutanée au NO, nous avons de plus appliqué un donneur de NO 
(nitroprussiate de sodium, SNP) par la technique d' iontophorèse, sur des sites cutanés 
préalablement soumis à une échauffement local 2h ou 4h auparavant. 
Nous avons examinés 12 sujets en bonne santé habituelle, de sexe masculin, non 
fumeurs, âgés de 18 à 30 ans, ne prenant aucune médication. Le flux sanguin dermique 
a été mesuré par imagerie laser Doppler (LOI, Moor Instruments) sur la face antérieur 
de l'avant-bras. Le réchauffement local de la peau a été effectué grâce a des petits 
anneaux métalliques thermo-contrôlés contenant de l'eau. La température était 
initialement de 34°C. Elle a été augmentée à 41°C en une minute et maintenue à cette 
valeur durant 30 minutes. Cette manœuvre a été répétée sur le même site cutané soit 2 
h, soit 4h plus tard. Quant à l'iontophorèse de SNP, elle a été effectuée sur des sites 
ayant préalablement subi, 2h ou 4h auparavant, un échauffement unique appliqué selon 
la technique qui vient d'être décrite. 
Résultats: nous avons obseNé une atténuation de l'hyperémie thermique lorsque celle-
ci était examinée 2h après un premier échauffement local. Lorsque l'intervalle était de 
4h la réponse vasodilatatrice n'était pas réduite. Nous avons également observé une 
atténuation de la réponse vasodilatatrice au SNP lorsque celui-ci a était appliqué 2h, 
mais non 4h après un premier échauffement local. 
Conclusion : cette étude démontre que la réponse vasodilatatrice cutanée induite par 
l'échauffement local est bien sujette à désensibilisation, comme nous en avions formulé 
l'hypothèse. Ce phénomène est transitoire. 11 est lié, au moins en partie, à une baisse 
de sensibilité de la microcirculation cutanée aux effets vasodilatateurs du NO. 
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ABSTRACT 
Background. ln humans, local heating increases skin perfusion by mechanisms 
dependent on nitric oxide (NO). Because the vascular effects of NO may be subject to 
desensitization, we examined whether a first local thermal stimulus would attenuate the 
hyperemic response to a second one applied later. 
Methods. 12 healthy young men were studied. Skin blood flow (SkBF) was measured 
on forearm skin with laser Doppler imaging. Local thermal stimuli (temperature step 
from 34 to 41 °C maintained for 30 minutes) were applied with temperature-controlled 
chambers. We also tested the influence of prior local heating on the vasodilation 
induced by sodium nitroprusside (SNP), a donor of NO. 
Results. On reheating the same spot after 2 hours, the response of SkBF (i.e. plateau 
SkBF at 30 minutes minus SkBF at 34 °C) was lower than during the first stimulation 
(mean±SD 404±212 perfusion units (PU) vs 635±1 OO PU, p<0.001). There was no such 
difference when reheating after 4 hours (654±153 PU vs 645±103 PU, p=NS). 2 hours 
but not 4 hours after local heating, the response of SkBF to SNP was reduced. 
Conclusion. The NO-dependent hyperemic response induced by local heating in human 
skin is subject to desensitization. At least one part of the mechanism implicated consists 
in a desensitization to the effects of NO itself. 
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INTRODUCTION 
ln nonglabrous human skin, a local rise in temperature is a powerful stimulus for local 
vasodilation. [1-3]. lndeed, a test of microvascular functional integrity has been 
proposed based on the laser-Doppler measurement of skin blood flow (SkBF) increase 
elicited by mild local heating (hereafter termed "thermal hyperemia response") [4]. This 
test has been used to document microvascular dysfunction in diabetes [5-7] and other 
conditions [8-1 O]. The mechanisms implicated in the thermal hyperemia response 
remain incompletely defined. ln contrast with thermoregulatory skin vasodilation, the 
cutaneous vascular response to local heating is not mediated by central reflexes 
because it is unaffected by regional nerve black [3, 11] and is preserved in grafted skin 
[12]. The response of SkBF to a step increase in local temperature is biphasic, with an 
early peak occurring within minutes, followed by nadir, and then a late phase with a 
progressive rise to a plateau in 20-30 min [2, 3]. The late phase seems to depend on 
the local, nonneurally mediated release of nitric oxide (NO), because it is suppressed by 
local application (through a microdialysis probe) of N8 -nitro-L- arginine methyl ester (L-
NAME) [2, 3], which inhibits ail isoforms of NO synthase (NOS), but not of 7-
nitroindazole, which only blacks the neuronal isoform of this enzyme [13]. ln contrast 
with the late phase , the early peak shows little dependence on NO, is diminished by 
local anesthesia [3, 14], and is largely mediated by the stimulation of C-fiber 
nociceptors, which trigger vasodilation through an axon reflex [1 ]. 
Exposure to NO can inhibit the endothelial NOS (eNOS) activity in a way that may not 
be immediately reversible. This may explain, at least in part, the rebound pulmonary 
hypertension after withdrawal of inhaled NO, which is administered for treatment of 
persistent pulmonary hypertension in newborns [15]. Multiple mechanisms are probably 
implicated. NO can interact with the heme prosthetic group of NOS, and thus interfere 
with its serving as an electron accepter [16]. NOS activity can also be altered by 
peroxynitrite, formed in a reaction between NO and the superoxide anion. Ali living cells 
produce superoxide by various mechanisms, notably via electron leak in mitochondrial 
respiration. Among many actions, peroxynitrite can oxidize the eNOS protein or some of 
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its cofactors, leading to its inactivation [17, 18]. Whatever the mechanism of eNOS 
inhibition by NO, it may not be immediately reversible. Experiments with purified eNOS 
treated with NO suggest that enzyme inactivation is only partially reversed by 3 hours of 
dialysis against an NO-free solution [16]. Furthermore, in primary endothelial cells, 
treated with sodium nitroprusside (SNP), a donor of NO, eNOS activity was markedly 
depressed for up to 8h, but not 24hours following SNP removal [17]. 
With this background in minci, we hypothesized that the local heating of a skin patch 
would cause a temporary reduction in the NO-dependent part of the vasodilatory 
response to a subsequent thermal stimulus applied on the same patch. Such 
anticipated desensitization, if indeed observed, could be due to many causes, acting 
upstream, at the level of, or downstream from NO production. To elicit information on 
this point, the present study included an assessment of the impact of local heating on 
the subsequent sensitivity of skin microcirculation to the vasodilatory effects of 
externally applied NO. Clearing up this matter is important for two reasons. The first one 
is methodological, considering the widespread use of thermal hyperemia as a 
noninvasive test of microvascular function in humans [4, 7, 19]. Specifically, if existing, 
desensitization could constitute a confounding factor in experiments testing for the 
acute impact of an intervention on microvascular function, when assessed by repetive 
recording of thermal hyperemia on the same skin patch. Second, because NO is also a 
mediator of the cutaneous vasodilatory response to an increase in central temperature 
[20-22], thermally-induced desensitization to its effects on this vascular bed might be 




Twelve male healthy subjects, aged 18-30 years, were included. Men only were studied 
in order to avoid having to deal, in women, with the vascular effects of estrogens and 
progesterone, which may vary according to the phase of menstrual cycle and method of 
contraception. Subjects were all nonsmokers and had no persona! history of 
hypertension , diabetes or hypercholesterolemia. None of the subjects had taken any 
vasoactive medication or anti-inflammatory drugs in the last 14 days before the 
beginning of the study. The volunteers were fully informed about the protocol and gave 
their written consent. The study conformed with the principles outlined in the Declaration 
of Helsinki, and was approved by the Ethical Committee of the Medical Faculty of 
Lausanne, Switzerland. 
Measurements 
Skin blood flow (SkBF) was measured with a laser-Doppler imager (LOI, Moor 
instruments, software version 3.09, Axminster, U.K.) as previously described [14]. ln 
contrast with the more traditional single-point laser Doppler flowmetry, the imaging 
system does not require direct contact of an optical fiber with the site of SkBF 
measurement. Total SkBF was expressed in perfusion units (PU) according to the 
principles of laser-Doppler flowmetry. The distance traveled by the incident laser beam 
from the laser aperture to the skin was set at 41 cm. 
Thermal hyperemia 
The apparatus for carrying out thermal hyperemia was custom made by one of us (C. 
H.) and has already been described [14]. ln brief, a stainless steel, temperature-
controlled, ring-shaped chamber with inner diameter, outer diameter, and thickness of 8, 
25 and 8 mm, respectively, was affixed to the skin with a double-sided tape (Figure 1). 
The central well was filled to the rim with medical grade pure sterile water, and overlaid 
with a transparent glass coverslip. The skin underneath the coverslip and water was 
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thus accessible to laser light. The LOI device was programmed to repetitively scan the 
area comprising the chamber every 60s, each scan being accomplished in 50s. The 
chamber was connected to an analog temperature controller with adjustable set point. 
Temperature was set at 34°C until a stable blood flow reading was obtained, and then it 
was raised to 41°C in 60s and maintained at this level for the next 30 minutes. 
The signal for temperature contrai came from a sensor incorporated into the chamber 
walls; this characteristic, together with the small chamber size, precluded large 
temperature differences between metal wall and water within the central well. ln pilot 
experiments, skin temperature underneath the metal part of the chamber was checked 
by placing a thermistor (0.3x0.3mm) between skin and adhesive tape. The temperature 
so measured agreed within 0.2°C with that of the water within the well. 
lontophoresis of sodium nitroprusside 
The sensitivity of skin microcirculation to the vasodilatory effects of the nitric oxide was 
evaluated from the response of SkBF to the noninvasive application of sodium 
nitroprusside (SNP) using iontophoresis [23]. SNP was administered transdermally by 
iontophoresis using a custom-made neoprene ring-shaped chamber, fitted with a copper 
electrode connected to an iontophoresis controller (MIC 1-e, Moor Instruments). The 
chamber was filled with a 1 % solution of SNP in distilled water, and overlaid with a glass 
coverslip to allow the measurement of blood flow with LOI in the exposed skin, as 
described for the assessment of the thermal hyperemia response. The LOI device was 
programmed to repetitively scan the area comprising the chamber every 60s, each scan 
being accomplished in 50s. 
Eight pulses of 8 microA, 60s each, were administered, with interspersed current-free 
intervals of 52 s. Thus, the last pulse terminated 15 minutes after the onset of the first 
pulse. This represents a slight modification of the protocol described by Oroog [24]. 
SkBF was recorded once per minute du ring this interval and for the ensuing 10 minutes. 
Preliminary tests carried out with this iontophoretic protocol indicated that this current 
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dose elicited a submaximal vasodilatory response to SNP, and no vasodilation at all in 
absence of SNP in the chamber. 
Study protocol 
The experiments took place in a quiet environment, at a room temperature between 24 
°C and 26°C. Subjects reported to the laboratory at 12 :30 p.m. They had been 
instructed to abstain from caffeine-contained beverages in the previous 18 hours and to 
take a light meal between 10:00 a.m. and 11 :OOa.m. on the study day. They were 
examined in the supine position with the arm supported by a cushion. Blood pressure 
and heart rate were measured serially during the course of the study using an 
automated oscillometric device (Datascope Accutorr 1A, MS Cardio-Medical, Brunnen, 
Switzerland). The principle of the experiment was to test for desensitization to the 
thermal stimulus itself on the dominant arm, and for the influence of a previous thermal 
stimulus on the response to exogenous NO, on the non-dominant arm. On each arm, 
four sites were selected (Figure 2) so as to exclude visible veins, and were marked with 
permanent ink to avoid any confusion. The sites A, B, A 1 and B1 were chosen on the 
volar face of the dominant forearm. These sites were distant from each other by 2-3cm. 
The sites C, D, C1 and 01 were similarly chosen, on the volar face of the non-dominant 
forearm. The following sequence was applied : 
1) Two temperature-controlled chambers were positioned on sites A and B, in the 
vicinity of which baseline skin temperature was measured with a thermocouple. 
Temperature was set in bath chambers at 34°C for 5 min until a stable blood flow 
reading was obtained, then was raised to 41°C (time zero, TO), and maintained at 
this level for the next 30min to elicit a stable thermal response simultaneously on 
bath sites (which could be scanned in parallel due to their proximity). SkBF before 
chamber insertion was not assessed in this protocol, but in preliminary 
experiments SkBF was not measurably influenced by the minor heating from 
"normal" skin temperature (31 - 33°C) to 34°C. 
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2) Then the temperature-contralled chambers were positioned on sites C and D on 
the other arm. Thermal hyperemia was also induced on these as described before, 
starting at TO + 45 minutes. 
3) Two hours after TO (T2), the sites A and A 1 were thermally stimulated. So Site A 
was stimulated for a second time after 2 hour, and site A 1 was a contrai site. 
4) Two hours after the thermal stimulation of sites C and D, sites C and C1 were 
used to apply iontophoresis of SNP, started at T2 + 45 minutes. So site C was 
preexposed to local heating and site C1 was not (contrai site). 
5) Four hours after TO (T4), the sites 8 and 81 were thermally stimulated. So Site 8 
was stimulated for a second time after 4 hours, and site 81 was a contrai site. 
6) Four hours after the thermal stimulation of sites C and D, sites D and 01 were 
used to apply iontophoresis of SNP, started at T4 + 45 minutes. So site D was 
preexposed to local heating and site 01 was not (contrai site). 
The exact timing of this experiment was based on pilot data (not shown). 
Data analysis 
Data are presented as the mean±SD of the 12 subjects. The responses to local heating 
were quantified as the plateau Sk8F (mean of 5 successive values recorded in the last 
5 minutes of heating) minus the baseline Sk8F (mean of 2 successive values). The 
responses to SNP iontophoresis were quantified as a similarly defined plateau response 
on one hand, and the EC50 on the other hand. The EC50 was calculated as the dose of 
iontophoretic current charge density (in mC per cm2 of exposed skin) required to elicit 
50 % of the plateau response to SNP. Statistical analysis was carried out with analysis 
of variance for repeated measures, using the JMP version 5.0.1.2 software (SAS 
lnstitute, Heidelberg, Germany) . When the global F value was significant, pairwise 
comparisons were carried out with Fisher's least significant difference [25]. The alpha 
level of all tests was 0.05. 
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RESULTS 
Effects of preexposure to local heating on thermal SkBF response 
To test for the possible existence of desensitization (in the sense defined above), we 
chose 4 sites on the volar face of the dominant forearm. Two of them (sites A and B) 
were stimulated twice, and the other two (sites A1 and 81, serving as contrais) only 
once with a step change in local temperature from 34 °C to 41°C maintained for 30 
minutes (a duration sufficient to elicit stable NO-dependent vasodilation [2, 3]). We 
followed the schedule shown in Figure 2 (i.e two heurs between stimulations on site A, 
and four heurs on site B). The effect of heating on skin blood flow (SkBF) was assessed 
with laser Doppler imaging [14, 26]. 
The mean skin temperature measured in the immediate vicinity of sites A and B was 
32.5±0.3°C. The baseline flows obtained when temperature was set at 34°C for 5 min, 
were essentially comparable among the four sites and three experimental times used in 
this part of experiment (upper part of Table 1). ln preliminary experiments, SkBF was 
not measurably influenced by the miner heating native skin temperature (31 - 33°C, 
before chamber placement) to 34°C (chamber in place). 
Figure 3 shows the mean time courses of SkBF response to local heating, as recorded 
at different times on the same sites. When the time interval was 2 heurs (site A) the 
second response was clearly depressed in comparison with the first one. ln contrast, 
the response on site B after 4 heurs was quasi identical, with that obtained at TO. 
Consistent with this result , it can been seen in Figure 4 that at T2, the response on site 
A was lower than that simultaneously elicited on the contrai site A1, whereas at T4, no 
differences were observed between the responses of site B and B 1. 
The visual impression conveyed by Figures 2 and 3 was entirely confirmed by the 
statistical analysis, which was carried out on the responses to local heating expressed 
as the plateau blood flow after 25 minutes minus the corresponding baseline flow (lower 
part of Table 1). There was no significant difference between sites A and B at TO nor 
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between Band 81 at T4, whereas the response of site A at T2 was roughly 30 % lower 
than observed either on the same site at TO (p<0.001) or A1 at T2 (p<0.001). 
Effects of preexposure to local heating on SkBF response to iontophoresis of 
SNP 
To test for a possible effect of local heating on the subsequent sensitivity of skin 
microvasculature to the vasodilating effects of NO, we chose 4 sites on the volar face 
of the non-dominant forearm (sites C, 0, C1, 01) and proceeded as shown in Figure 2. 
Sites C and 0 were exposed to a temperature of 41 °C for 30 minutes. Then, the NO 
donor sodium nitroprusside (SNP) was applied non invasively, by means of 
iontophoresis [23, 24] either two heurs (site C) or four heurs later (site 0). As a contrai, 
SNP was also applied, at the corresponding times, on sites C1 and 01, which had not 
been exposed to heat. SkBF was measured as above. 
The sites C and 0 were first stimulated by thermal hyperemia at TO, with comparable 
baseline flows and responses (upper part of Table 2). Ali baseline flows recorded 
immediately before SNP iontophoresis were comparable (middle part of Table 2). The 
vasodilatation induced by the iontophoresis of SNP on the site preexposed to local 
heating two heurs before (site C, T2) appeared retarded and of somewhat lower 
amplitude with respect to the other three responses (Figure 5). 
We did not detect any difference between the four sites in the plateau responses elicited 
by SNP (lower part of Table 2, p = 0.16), possibly reflecting insufficient power (a post-
hoc calculation indicated that the power to detect a difference of the magnitude seen in 
Table 2 was only 0.3). On site C, the EC50, i.e. the iontophoretic current charge density 
required to elicit 50% of the plateau response, was significantly higher than on the other 
sites, indicating that the sensitivity of SkBF to SNP was reduced 2 heurs, but not 4 
heurs after local heating of the skin. 
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DISCUSSION 
The principal new finding of the present study is the following: the repeated application 
of a local thermal stimulus on the same skin patch causes a time-dependent reduction 
in the vasodilatory response to this stimulus. This effect is associated with a temporary 
decrease in the local sensitivity of skin microcirculation to the dilating action of NO. 
An alternative explanation to the findings shown in Figure 3 must be envisioned, namely 
that the apparent depression of thermal hyperemia at T2 but not at T4 might reflect an 
effect of time, independent of the initial heating applied at TO. This possibility is quite 
serious, considering for example that our experiments were carried out in the post-
prandial state. At least one study found a transient post-prandial depression of flow 
mediated vasodilation of the brachial artery, another NO dependent response [27]. To 
the best of our knowledge, it is not presently clear whether humans exhibit postprandial 
or other diurnal variations of skin thermal hyperemia. However, such confounding of 
our data can be excluded, because responses recorded on sites that had not been 
previously heated showed no systematic variation with time (i.e. responses of sites A 
and Bat TO, A1 at T2, 81 at T4 were ail similar, Table 1). The difference between sites 
A and A 1 at T2 might still reflect a systematic spatial variation of thermal hyperemia, but 
this is quite unlikely, because responses recorded on sites A and B at TO were identical. 
Therefore, we may safely conclude that the reduced thermal hyperemia on site A at T2 
was causally related to the heating which took place 2 heurs before, a phenomenon 
which we refer to as desensitization. 
1t is worth mentioning that, as early as 1943, Barcroft and Edholm have described that 
the forearm hyperemia induced by immersion of the limb in warm water progressively 
disappeared, starting after about one hour of heating, despite the maintenance of high 
local temperature [28]. This phenomenon might well be explained by a desensitization 
similar to the one observed in the present study. 
As reviewed in the introduction, the late phase of the thermal hyperemia response 
depends on the local, nonneurally mediated release of NO, because it is suppressed by 
the local application of L-NAME [2, 3, 9]. Therefore, potential mechanisms for the 
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observed desensitization must reside somewhere within the L-arginine-NO pathway, 
either upstream, at the level of, or downstream from NO production, none of these 
possibilities being mutually exclusive. At present, none of them can be excluded. For 
example we do not know much about the signaling events that take place between 
thermal stimulation and NOS activation. As mentioned in the introduction NOS activity 
can be inhibited by exposure to NO, in part via formation of peroxynitrite. We explored 
the possible implication of downstream events by examining the impact of previous local 
heating on the subsequent vasodilation in response to the external application of NO. 
The latter was accomplished by iontophoresis of SNP, a widely used donor of NO. This 
method was chosen because of its noninvasiveness, but entails the risk of triggering a 
non specific hyperemia due to the effect of the iontophoretic current on nociceptive 
nerve endings (axon reflex) [29, 30]. The axon reflex can be inhibited by surface 
anesthesia with EMLA cream [26], at the cost however of introducing ail potential 
actions of the local anesthetics into the experiment. Here we carried out iontophoresis 
without surface anesthesia, using a protocol with very low current densities (< 
1 OµA/cm2) applied in pulsed fashion over several minutes. Others have found this 
pattern unable to trigger an axon reflex [24], and we verified this fact in preliminary tests 
(data not shown). 
As suggested by Figure 5 and statistically confirmed by the significant differences in 
EC50 (Table 2), vasodilation induced by SNP was modified by previous local heating 
applied 2 hours, but not 4 hours before. There were no statistically significant 
differences between the various plateau responses elicited by SNP (Table 2). ln 
contrast the EC50 on site C was significantly higher than on the other sites, indicating 
that the sensitivity of SkBF to the vasodilatory effects of SNP at submaximal doses was 
reduced by previous heating applied 2 but not 4 hours before. Admittedly the initial 
thermal stimulation could have affected the subsequent biotransformation of SNP. 
However, the fact that the late phase of the thermal hyperemia is NO dependent, added 
to the perfect consistence between the desensitization to local heating and the reduced 
response to SNP (Figures 3 and 4) strongly suggests that at least one part of the 
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mechanism implicated in this desensitization is placed downstream from NO production, 
i.e. consists in a desensitization to the effects of NO itself. 
Recently, it has become known that a major general mechanism for the activation of 
bath eNOS [31], and guanylyl cyclase (GC) [32, 33] resides in the ATP-dependent 
interaction of these two enzymes with heat shock protein 90 (HSP90), a member of the 
heat shock protein family which is constitutively expressed in most cells. Consistent with 
this new concept, Shastry and Joyner have shown in humans that geldanamycin, which 
blacks the interaction of HSP90 with its client proteins, inhibits thermal hyperemia [34]. 
We might speculate that the HSP90-mediated activation GC (and possibly eNOS tao), 
that occurred in the course of the first thermal stimulus at TO, was followed by some sort 
of transient "refractory state" of this mechanism. 
There are two discrepancies between our data and those presented by other authors. 
First, several groups have elicited a plateau response of SkBF by local heating to 41.5 
or 42°C, then immediately followed with application of SNP, and observed a further 
slight increase of SkBF [3, 13, 34]. These observations are in contrast with ours, where 
SNP-induced vasodilation was never of greater amplitude than thermal hyperemia 
(Table 2). Such a discrepancy is explained by differences in the dose and route of 
administration of SNP. ln the aforementioned studies, the NO donor was applied by 
means of a preinserted microdialysis probe, at a supramaximal concentration (28 mM). 
Because we used iontophoresis, we were constrained to a current dose devoid of 
nonspecific vasodilator effects [29], and therefore to administer a submaximal dose of 
SNP (see Methods). As a second discrepancy, these other groups found no evidence 
for desensitization when recording two thermal hyperemia either one [34] or two hours 
[35] apart on the same skin site. The reasons for this difference with our results are 
unclear, but might relate to different methods for heat application and SkBF 
measurement. ln our setup, heat was transmitted to the skin in part by the mediation of 
water, which was not the case in these two studies, thus potentially leading to some 
differences in sensory stimulation. ln addition, the stimulation temperatures were not 
identical (41°C in the present study, vs. 42°C [34, 35]). The time courses of SkBF 
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presented in Figures 2, 3 and 4 have been recorded with a LOI device, which entails no 
mechanical contact with the skin, whereas bath Shastry et al. [34] and Crakowski et al. 
[35] used the single-point technique, which necessitates the affixing of an optical fiber 
to the probed area. Finally, the wavelengths of the laser light differed. Whereas our LOI 
device works at 633 nm, these other studies used either the PF5010 by Perimed [34] or 
the MoorLAB by Moor Instruments [35], which works with near infrared light (780nm) of 
potentially greater penetrating power, raising the possibility that different vessels were 
being probed. Further studies are warranted to find out which of these factors may 
explain the discrepancy between the aforementioned results and ours. 
A limitation to our study is the fact that only men were included. While this restriction 
simplified interpretation, as explained in Methods, it remains that further experiments 
would be required in order to establish whether our findings can be extended to women. 
What are the broader implications of our results ? Thermal hyperemia has been used in 
clinical studies to investigate NO-dependent microvascular function [4, 7, 19]. lts 
reduction has recently been shown to be of prognostic value for cardiovascular mortality 
in patients with end stage renal disease [36]. Thus, its alterations might be indicative of 
more global changes in the cardiovascular system, raising the possibility of using it to 
evaluate the impact of some therapeutic interventions. ln this context, desensitization 
could constitute a confounding factor in acute experiments where thermal hyperemia 
would be assessed repetitively on the same skin patch. Anyone wishing to use such a 
"heat-reheat" design should first determine that desensitization does not occur in the 
particular conditions of the contemplated protocol, as has indeed been done in the 
aforementioned [34, 35] and other studies [37, 38]. On a more general level, because 
NO is also a mediator of the cutaneous vasodilatory response to an increase in central 
temperature [20-22], thermally-induced desensitization to its effects on this vascular bed 
(Figure 5) might be part of a contrai loop in the overall regulation of body temperature. 
This latter speculation would obviously warrant further studies. 
ln conclusion, we demonstrate for the first time that the NO-dependent part of the 
hyperemic response induced by local heating in human skin is subject to 
17 
desensitization, at least in men. Part of the mechanism implicated in this phenomenon 
is placed downstream from NO production, i.e. consists in a desensitization to the 
effects of NO itself. Our results imply that in studies where short term repeat of this test 
on the same skin site is carried out, precautions should be taken to guard against 
potential confounding of the results by desensitization. 
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TABLES 
Table 1 : Responses of skin blood flow to local heating 





86 ± 40 
65 ± 14 
Sites 
B 
77 ± 27 
90 ± 35 
Plateau response to local heating (41°C) (PU) 
TO 635 ± 100 645 ± 103 
A1 
78 ± 20 
T2 404 ± 212***§§§ 635 ± 125 
81 
82 ± 18 
T4 654 ± 153 649 ± 201 
The symbols A, B, A 1, 81 designate specific sites on the volar face of the dominant arm 
and TO, T2, T4 refer to specific times (in hours) in the protocol (see Figure 2). PU 
perfusion units. Response to local heating (41°C) expressed as the plateau blood flow 
after 25 minutes of heating minus the corresponding baseline flow. Data are means ± 
SD of the 12 subjects. *** p<0.001 A vs. A 1 at T2. §§§ p<0.001, T2 vs. TO on site A. Ali 
other pairwise comparisons were non significant (p>0.5). 
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Table 2 : Responses of skin blood flow to local heating and to iontophoresis of SNP. 
Sites 
c D C1 01 
Local heating 
Baseline flow at 34°C (PU) 
TO 75± 17 97± 34 
Plateau response at 41°C (PU) 
TO 685± 179 652 ± 192 
SNP iontophoresis 
Baseline flow (PU) 
T2 56± 15 70 ± 24 
T4 69 ±21 64 ± 18 
Plateau response (PU) 
T2 536± 189 609 ± 120 
T4 666 ± 200 599 ± 99 
EC50 (mC/cm2) 
T2 3.1±0.8*** 2.2 ± 0.7 
T4 2.6 ± 0.6 2.4 ± 1.0 
The symbols C, D, C1, 01 designate specific sites on the volar face of the non dominant 
arm and TO, T2, T4 refer to specific times (in heurs) in the protocol (see Figure 2). Local 
heating applied on TO only. PU perfusion units. Plateau response expressed as largest 
skin blood flow following iontophoresis minus corresponding baseline flow. EC50 is the 
iontophoretic current charge density required to elicit 50% of the plateau response. Data 
are means +/-SD of the 12 subjects. *** p<0.001, site C vs. all other sites. 
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FIGURE LEGENDS 
Figure 1 :The setup used for recording local thermal hyperemia in forearm skin 
A: Schematics. B: lower face of chamber (steel ring), to be affixed to skin with double 
sided tape; scale in centimeters. C: two chambers affixed to forearm skin: the black 
squares with hole are pieces of black rubber glued to the upper face of the steel ring, in 
order to avoid reflection artifacts which otherwise might appear in the laser Doppler 
image; the two chambers can be scanned simultaneously with the laser Doppler imager; 
scale in centimeters. D: laser Doppler image obtained from two chambers scanned 
simultaneously, first with temperature set to 34 °C (left) and 41°C (right); erythrocyte 
flux is color-coded from low (blue) to high (red-white); zones of zero flux (rubber) appear 
as grey; with the appropriate software (Moor LOI v5.02), the mean flux can be 
calculated over any region of interest (i.e. the interior of each chamber). 
Figure 2 : Study protocol. 
Upper panel : specific sites stimulated by local heating or iontophoresis of SNP at 
specific times. Lower panel : timing of stimuli on each site. 
Figure 3 : Thermal hyperemia recorded on the same skin site, two hours (site A) or four 
hours apart (site B). 
PU: Perfusion Unit. Data points are means of 12 subjects. Error bars are representative 
SD. Statistical symbols are specifically omitted in the figure, since statistical analysis 
was not carried out cin the complete time courses of skin blood flow, but only on the 
derived values shown in Table 1. 
Figure 4 : Thermal hyperemia recorded on four different skin sites. 
Sites A and B, but not A1 and 81, were prestimulated by local heating at onset of 
protocol. Thermal hyperemia carried out 2 hours later (T2) on sites A and A 1, and 4 
hours later (T4) on sites Band 81. PU: Perfusion Unit. Data points are means of 12 
subjects. Error bars are representative SD. Statistical symbols are specifically omitted in 
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the figure, since statistical analysis was not carried out on the complete time courses of 
skin blood flow, but only on the derived values shown in Table 1. 
Figure 5 : Responses to SNP iontophoresis recorded on four ditferent skin sites. 
Sites C and D, but not C1 and 01, were prestimulated by local heating at onset of 
protocol. lontophoresis carried out 2 hours later (T2) on sites C and C1, and 4 hours 
later (T4) on sites D and 01. PU: Perfusion Unit. Data points are means of 12 subjects. 
Error bars are representative SD. Statistical symbols are specifically omitted in the 
figure, since statistical analysis was not carried out on the complete time courses of skin 
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Figure 3 
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